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1( ) $T$ $(m_{\pi(1)}, \ldots , m_{\pi(T)})$ , OPT
OPT $= \max_{1\leq k\leq T}km_{\pi(k)}$
. , $mo\mathrm{P}\mathrm{T}$ .
2
. .
. , $N$ },,
( ), ,
.
, P , Y , \mbox{\boldmath $\lambda$}:PxY[0, oo]
. , , $t=1,2,$ $\ldots$
.
1. $i\in\{1, \ldots, N\}$ $x_{i,t}\in P$ .
2. 1. , $r_{t}\in P$ .
3. $y_{t}\in \mathrm{Y}$ .
4. $\lambda(yt,P\iota)$ , \sim $\lambda(y_{t}, x_{i,1}.)$ .
– $T$ , $A$ $G_{A,T}= \sum_{\iota=1}^{T}$ $\lambda(y_{t},p_{t})$
, , $G,,T= \sum_{t=l}^{T}\lambda(y_{t}, x_{j,t})\text{ }$ .
, , $\mathrm{n}$)$\mathrm{a}\mathrm{x}_{1\leq:\leq N}G_{i,T}$
.
, . ,
, , $N$ $R$ $R=\{b(1), b(2), \ldots,b(N)\}$
. , , $h\geq b(1)\geq b(2)\geq\cdots\geq b(N)=1$ . ,
$P$ $R$ $N$ . I ,
. , $i$ $x_{1,t}(i)=x_{i}(i)=1$ . $x_{i,1}(j\neq i)=X:(j\neq i)=0$
$x_{i}\in P$ . , $t$ $r_{t}$ , $\mathrm{p}_{t}\in P$
. $\mathrm{Y}$ $N$ , $y_{t}\in \mathrm{Y}$ $i$
yt(i)\in {0, b(i)} . ,
, . , pl
$\lambda(y_{t},p_{t})=\sum_{i=1}^{N}\mathrm{p}_{t}\cdot y_{t}$ . , $EG_{A,T}$ =\Sigma l\mbox{\boldmath $\lambda$}(yt,pt) .
, . ,
[BKRW03], [BH05]. , $\rho>1,$ $N=\lfloor\log_{\rho}h\rfloor+1$
$b(i)=\rho^{N-i},$ $(i, =1, \ldots, N)$ . , $R=\{\rho^{N-1}(\leq h), \ldots, \rho^{2}, \rho, 1\}$
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$r_{i}$ , $\delta\in(0,1)$ $(1-\delta)^{k}\delta$ $h_{i}=kr_{i}$ . , $t$
$g_{i,t}$ , $s_{i}$
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Vovk (Aggregating Algorithm, $\mathrm{A}\mathrm{A}$ ) .




, $G_{1,t-1}=\lambda(y_{t}, x_{i,t-1})$ , $i$ , alpha $>1$
. $v_{i,1}$ ,
, – $(1/N)$ .
AA , xt=(xl,t, . . . ,xN, ,
$\forall y\in \mathrm{Y},$ $\lambda(y,\mathrm{p}_{t})\geq \mathrm{c}(\alpha)\log_{\alpha}\sum_{i=1}^{N}v_{1,t}\alpha^{\lambda(\mathrm{y},x_{j.l})}$ (2)
$Pt$ . , $c(\alpha)$ $a$ ,
, (2) pt .
Vovk $c(\alpha)$ .
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1 $([\mathrm{V}98])$ $T$ , $y_{1},$ $\ldots,$ $y\tau$ , – $v_{i,1}=1/N$
, Vovk .
$G_{AA,T} \geq c(\alpha)(_{1}\max_{\leq i\leq N}G_{i,T}-\frac{\ln N}{\ln\alpha})$
3.2
, Vovk . (2) ,
$t$ $\mathrm{A}\mathrm{A}$
$p_{t}$ , $i$ $v_{i,t}$ , $x_{i}$ ,









2 $b(1)\geq\cdots b(N)>0$ . $v_{t}$ ,
$p_{t}(j)=7^{1}bj7^{\log_{\alpha}}(1+ \frac{(\alpha^{b(j)}-1)v’(\mathrm{j})}{B(j)})/Normalizer$ (4)
$B(j)=1+ \sum_{k=j+1}^{N}(a^{b(k)}-1)v_{t}(k)$
$p_{t}$ It, $\sup_{\mathrm{p}}\inf_{y}\prec_{gy}’\lambda(\not\simeq$ .
, . , $i<j$
$B(i.)$ >B( , $b(i)$ ,
$v_{t}(i)$ . ,




1 $c(\alpha)$ . , ,
$b=(b(1), b(2),$ $\ldots,$ $b(N))$ , $c(\alpha)$ $c(\alpha, b)$ . , 2
$p_{t}$ , $c(a, b)$
$c(\alpha,b)$ $=$ $\inf_{q}\frac{1}{\sum_{j=1\overline{b}\cap j}^{N1}(d_{j}-d_{J+1})}$ (6)
$=$ $\log_{\alpha}(1+\sum_{k=j}^{N}(\alpha^{b(k)}-1)q(k))$
53
. , (5) . ,
(q) $=- \sum_{j=1}^{N}\frac{1}{b(j)}’(d_{j}-d_{j+1})$
, (5) $q$ , $\sum_{j=1}^{N}q(j)=1$ , $q(j)\geq 0$ ,
$f(q)$ . ,
, $q^{*}$ , Kursh-Kuhn-Kucker(KKT)
. , $c(\alpha, b)$ $q^{*}$ , $t$ $s(j)(j=1, \ldots, N)$
$q$ .
$\frac{\partial}{\partial q(j)}f(q)-s(j)+t$ $=$ $0$ , $j=1,$ $\ldots,$ $N$ (6)
$\sum_{j=1}^{N}q(j)-1$ $=$ $0$ , (7)
$s(j)\cdot(-q(j))$ $=$ $0$ , $j=1,$ $\ldots,$ $N$ (8)
$-q(j)$ $\leq$ $0$ , $j=1,$ $\ldots,$ $N$ (9)
$s(j)$ $\geq$ $0$ , $j=1,$ $\ldots,$ $N$ (10)
, (6) , $\nabla_{q}L(q,t, \epsilon)$ .
KKT q , c(\alpha , b) , .
3 $b(1)>b(2)>\cdots>b(N)>0$ , $b(\mathrm{O})=\infty$ . ,
$r_{1}$ $=$ $( \frac{1}{b(j)}-\frac{1}{b(j-1)}.)b(N)$ , (11)
$s_{j}$ $=$ $( \frac{1}{\alpha^{b(j)}-1}-\frac{1}{\alpha^{b(j-1\rangle}-1})(\alpha^{b(N)}-1)$ (12)
,
$c( \alpha, b)=\frac{b(N)\ln a}{D(\mathrm{r}||s)+b(N)\ln\alpha}$ . (13)
, $D(\mathrm{r}||\epsilon)$ $KL$- (Kullback-Leibler $dive\eta enoe$) .
: , $p(x, y)$ .
$F(x,y)=. \frac{\frac{1}{x}\frac{1}{y}}{\frac{1}{\alpha^{\mathrm{r}:}-1}\frac{1}{\alpha^{y}-1}}=$.
$F(x, y)$ , $a<b<c$ $F(a, b)<F(b, c)$ . , $b(1)>b(2)>\cdots>b(N)>0$
, $b(\mathrm{O})=\infty$ . , $j=1,$ $\ldots,$ $N$ ,
$q(j)$ $=$ $\frac{F(b(j),b(j-1))-F(b(j+1),b(j))}{t(\alpha^{b\langle j)}-1\rangle}$ , (14)
$s(j\rangle = 0,$ (15)
$t$ $=$ $\frac{\frac{1}{b(N)}}{1+\frac{1}{\alpha^{b\{N)}-1}}$ (16)
, KKT ( (6)\sim (10)) . , $F(b(N+1), b(N))=t$ .




$\mathrm{c}(\alpha, b)=\frac{\ln\alpha}{\sum_{j=1}^{N}(_{\pi^{1}j1^{-\frac{1}{b(j-1)})\ln F(b(j),b(j-1))-_{T^{1}N7^{\ln t}}}}}$
.










, , $N=\lfloor\log_{\rho}h\rfloor+1$ , $R$ $R=\{\rho^{N-1}, \ldots, \rho^{2},\rho, 1\}$
. , $b(i)=\rho^{N-*},$ $(i=1, \ldots, N)$ . $c(\alpha, b)$




, . , $N=\lfloor\log_{\rho}$ +1, $b=(\rho^{N-1}, \ldots, \rho^{2}, \rho, 1)$
, ,
$EG_{\mathrm{H}\mathrm{e}\mathrm{d}\mathrm{g}\mathrm{e},T}$ $\geq$ $\frac{\ln\alpha}{\alpha-1}\frac{\mathrm{O}\mathrm{P}\mathrm{T}}{\rho}-\frac{\rho^{\lfloor\log_{\rho}h\rfloor+1}}{\mathfrak{a}-1}\ln(\lfloor\log_{\rho}h.\rfloor+1)$ , (17)
$EG_{\mathrm{H}\mathrm{G},T}$ $\geq$ $(1- \delta)\frac{\mathrm{O}\mathrm{P}\mathrm{T}}{\rho}$
-2 (1-\mbox{\boldmath $\delta$}) $( \frac{2}{\delta}\ln\nu(\rho)+\frac{l\text{ }(\rho)}{\delta^{2}}(1-\delta)^{\nu(\rho)}+1)$ , (18)
$EG_{\mathrm{A}\mathrm{u}\mathrm{A}\mathrm{A},T}$ $\geq$ $c( \alpha, b)\frac{\mathrm{O}\mathrm{P}\mathrm{T}}{\rho}-\frac{c(\alpha,b)}{\ln\alpha}\ln$ ( $\lfloor\log_{\rho}$ \rfloor +1) (19)
. , $\nu(\rho)=\lfloor\log_{\rho}2\rfloor+1$ . , $\frac{\mathrm{O}\mathrm{P}\mathrm{T}}{\rho}$ $r$ –
, . , $h$ $\frac{\ln\alpha}{a-1}=1-\delta=c(\alpha’, b)=r$
$\alpha,$
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